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Abstract	The	effect	that	trauma	has	on	a	person	is	variable—some	individuals	may	develop	depression,	stress,	or	post-traumatic	stress	disorder,	while	others	will	cope	more	adaptively.	A	plethora	of	research	has	examined	the	negative	effect	of	trauma	on	behavior	and	cognition.	Yet	less	research	has	been	conducted	to	elucidate	what	cognitive	processes	may	underlie	whether	a	person	develops	depression	or	is	resilient	after	a	stressful	event.	The	goal	of	the	present	study	is	to	investigate	whether	individual	differences	in	emotion-processing	in	working	memory	may	underlie	the	development	of	depression	and	stress	(or	not)	in	response	to	experiencing	a	recent	trauma.	Participants	completed	two	experimental	sessions.	In	the	first	session	participants	completed	an	emotion	n-back	task	followed	by	questionnaires	assessing	depression,	stress,	and	trauma	history.	In	the	second	session	1	to	4	months	later,	participants	again	completed	depression,	stress,	and	trauma	history	questionnaires.	Participants	were	grouped	based	on	whether	they	had	experienced	a	recent	trauma	(Trauma	group)	or	had	not	experienced	a	trauma	(No-trauma	group)	in	the	last	6	months.	Emotion	n-back	task	performance	was	compared	between	the	Trauma	and	No-trauma	group.	In	addition	correlation	analyses	were	conducted	to	determine	whether	engaging	and	disengaging	from	emotional	content	in	the	emotion	n-back	task	predicted	later	levels	of	depression	and	stress	in	the	trauma	group.	Results	reveal	that	of	the	individuals	who	experienced	a	trauma,	disengaging	from	positive	content	faster	predicted	higher	levels	of	post	trauma	depression	symptoms.	These	findings	suggest	that	individuals	who	have	trouble	keeping	positive	information	active	develop	higher	levels	of	depression	than	individuals	who	easily	maintain	positive	content.	Furthermore	these	findings	suggest	that	assessments	of	individual	differences	in	emotion	processing	may	be	predictive	of	post	trauma	experiences,	thoughts,	and	behavior. 	Key	Words:		Trauma,	Emotion,	Working	memory,	Updating			Trauma	 is	 defined	 as	 a	 negative	 emotional	response	 to	 experiencing	a	disturbing	 life	 event	such	 as	 combat,	 rape,	 or	 natural	 disaster	(American	 Psychological	 Association,	 2014).	Some	 individuals	 who	 directly	 experienced	 a	traumatic	event,	witnessed	a	traumatic	event,	or	are	 facing	 a	 traumatic	 event	 may	 develop	symptoms	 of	 depression	 and	 stress	 which	 can	range	 in	 severity	 from	 mild,	 to	 moderate,	 to	severe.	 	 Individuals	 who	 experience	 severe	depression	 and	 stress	 may	 be	 diagnosed	 with	Post	Traumatic	Stress	Disorder	 (PTSD).	PTSD	 is	defined	by	the	Diagnostic	and	Statistical	Manual	of	 Mental	 Disorders	 (DSM-5)	 as	 having	 one	 or	
more	 intrusive	 symptoms	 (e.g.	 recurrent	memories	of	the	event),	continuous	avoidance	of	stimuli	 associated	 with	 the	 event,	 changes	 in	reactivity	and	arousal	 to	stimuli	associated	with	the	 traumatic	 event,	 and	 adverse	 changes	 in	cognition	 (American	 Psychiatric	 Association,	2013).	 	 PTSD	 is	 debilitating,	 yet	 even	 mild	 to	moderate	depression	and	stress	can	also	lead	to	extensive	 behavioral	 and	 interpersonal	 issues.		Critically,	 the	 cognitive	 mechanisms	 that	underlie	 how	 an	 individual	 responds	 to	trauma—whether	 they	 develop	 stress	 or	depression,	 or	 are	 resilient—are	 unclear.	 	 The	goal	 of	 the	 present	 study	 is	 to	 elucidate	 what	
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Alverio	and	Levens		18	underlying	 cognitive	 and	 emotion	 processing	interactions	might	 underlie	 the	 development	 of	depression	 and	 stress	 in	 response	 to	 traumatic	events.	A	 plethora	 of	 research	 has	 revealed	 that	encountering	 stressful	 emotional	 stimuli	 can	create	systematic	physiological,	biochemical	and	behavioral	 changes.	 	 Collectively	 these	physiological,	 biochemical	 and	 behavioral	changes	 are	 known	 as	 the	 stress	 response	(Baum,	 1990).	 	 The	 stress	 response	 can	 also	affect	 how	 emotional	 information	 is	 processed	and	 can	 lead	 to	 a	 negative	 cognitive	 response	style	 that	 includes	distorted	 thoughts	 (e.g.	 “It	 is	my	 own	 fault	 this	 happened	 to	 me,”),	maladaptive	 thoughts,	 (e.g.	 “I	must	 be	 on	 guard	or	 else	 something	 bad	 will	 happen,”)	 and	changes	in	schemas	(e.g.	I	must	be	a	bad	person	because	this	terrible	thing	happened	to	me).		The	development	 of	 a	 negative	 cognitive	 response	style	 has	 been	 suggested	 as	 a	 risk	 factor	 for	depression	 following	trauma	(Robinson	&	Alloy,	2003).		On	 the	 other	 hand,	 some	 individuals	experience	a	life-altering	crisis,	and	respond	in	a	more	 adaptive	 or	 positive	 way.	 They	 may	 not	experience	 as	 much	 depression	 or	 stress	 and	may	 exhibit	 what	 is	 known	 as	 post	 traumatic	growth.	 Post	 Traumatic	 Growth	 is	 when	 an	individual	 experiences	 a	 positive	 change	psychologically	 after	 the	 traumatic	 event	(Calhoun	 &	 Tedeschi,	 1999).	 This	 positive	change	could	be	a	new	appreciation	for	life	itself,	interpersonal	 relationships	 may	 take	 on	 new	meaning	 and	 become	 richer,	 and	 priorities	may	make	 a	 positive	 shift	 (Tedeschi	 &	 Calhoun,	2004).	 Individuals	 who	 exhibit	 post-traumatic	growth	tend	to	focus	on	ways	of	dealing	with	the	event,	 such	 as,	 a	mother	 becoming	 an	 advocate	against	drunk	driving	as	a	way	to	cope	with	the	loss	of	their	child	in	a	drunk	driving	accident.		Whether	 an	 individual	 copes	 with	 trauma	 in	 a	negative	or	positive	way	may	be	determined	by	individual	 differences	 in	 how	 they	 tend	 to	process	 emotional	 information	 (positive	 and	negative).	Emotions	are	changes	in	physiological	arousal,	 cognitive	 processes	 and	 behavioral	reactions	to	external	stimuli	(Gerrig	&	Zimbardo,	2002).	 Emotion	 processing	 is	 a	 cognitive	
operation	 in	which	 an	 individual	 appraises	 and	encodes	emotional	stimuli	and	makes	sense	of	it	so	 that	 other	 emotional	 experiences	 can	 occur	and	behavior	 is	not	disrupted	(Rachman,	1980).		For	most	 individuals	recalling	a	traumatic	event	and	 the	emotions	associated	with	 the	event	 can	be	distressing	and	overwhelming.	 	Being	able	to	rapidly	 disengage	 from	 negative	 content	 to	process	 positive	 content	 may	 be	 an	 emotion-cognition	 bias	 that	 is	 adaptive	 in	 response	 to	trauma	 and	 indicative	 of	 resilience.	 	 Whereas	problems	disengaging	from	negative	content	and	maintaining	 positive	 content	 may	 be	 a	maladaptive	 emotion-cognition	 bias	 that	supports	 the	 development	 of	 depression	 and	stress.			A	 traumatic	 experience	 may	 change	 an	individual’s	 thoughts,	emotions	and	reactions	 to	their	environment	thus	shaping	that	individual’s	way	of	relating	to	the	world	and	influencing	their	behavior.	 For	 example,	 hyper	 vigilance	 to	emotional	stimuli	following	a	trauma	may	lead	to	increased	 processing	 of	 negative	 emotional	content,	 attention	 problems,	 and	 impaired	working	memory	(Morey,	et	al.,	2009).	Working	memory	 is	 an	 individual’s	 cognitive	workspace.		Working	 memory	 is	 crucial	 for	 simultaneously	storing	and	processing	information	and	learning	complex	 tasks	 (Baddeley,	 1992).	 Positive	 or	negative	 emotions	 can	 also	 influence	 an	individual’s	 cognitive	 style;	 the	 way	 an	individual	perceives	an	event	may	also	influence	how	 that	 information	 is	 encoded	 and	 decoded	(Clore	&	Huntsinger,	2007).			Deficits	 in	 working	 memory	 have	 been	associated	 with	 re-experiencing	 symptoms	 of	PTSD	 (Bomyea,	 Amir	 &	 Lang,	 2012).	 One	candidate	 executive	 process	 within	 working	memory	 that	 may	 contribute	 to	 depression	following	 trauma	 is	 updating.	 Updating	 is	 the	active	 manipulation	 and	 monitoring	 of	information	in	working	memory	so	that	relevant	information	 is	 maintained	 and	 irrelevant	information	 is	 discarded	 (Miyake,	 et	 al.,	 2000).	Given	 that	 emotion	 specific	 working	 memory	deficits	 have	 been	 linked	 with	 depression,	previous	 research	 by	 Levens	 and	 Gotlib	 (2010)	found	 specific	 emotion	 updating	 biases	associated	with	depression	using	an	emotion	n-
EMOTION UPDATING FOLLOWING TRAUMA 	19	back	task.	Specifically,	Levens	and	Gotlib	(2010)	found	 that	 depressed	 individuals	 exhibited	greater	 difficulty	 disengaging	 from	 negative	content	as	well	as	difficulty	maintaining	positive	content	 in	working	memory.	 	 Never-disordered	controls	on	the	other	hand	exhibited	an	opposite	emotion	 processing	 pattern	 and	 revealed	 a	greater	tendency	to	keep	positive	content	active	in	working	memory	 than	 depressed	 individuals	(Levens,	&	Gotlib,	2010).	These	 findings	suggest	that	emotion	specific	deficits	in	working	memory	may	 underlie	 the	 negative	 mood	 that	 is	associated	 with	 depression.	 	 It	 is	 unclear	however	 if	 the	 emotion	 processing	 deficits	identified	 in	 working	 memory	 in	 depressed	individuals	 occur	 as	 a	 consequence	 of	 the	depressive	 episode	 or	 are	 pre-existing	 emotion	processing	 individual	 differences	 that	 may	predispose	an	 individual	 to	develop	depression.		It	is	also	unclear	if	similar	individual	differences	in	 working	 memory	 and	 emotional	 processing	may	 underlie	 the	 development	 of	 a	 negative	cognitive	response	style	following	trauma.		The	 goal	 of	 the	 present	 study	 is	 to	determine	 if	 individual	 differences	 in	 emotion	processing	within	working	memory,	 specifically	emotion	 updating,	 may	 predict	 depression	 and	stress	symptoms	 following	 trauma.	 	To	examine	whether	 time	 to	 update	 emotional	 content	predicts	 depression	 and	 stress	 symptoms	following	 traumatic	 events,	 participants	completed	 a	 two-part	 study.	 In	 part	 one;	participants	 completed	 an	 emotion	 n-back	 task	with	 happy,	 neutral,	 angry,	 fearful	 and	 sad	stimuli.		The	emotion	n-back	task	measures	time	to	 update	 emotional	 content	 in	 working	memory;	 to	 perform	 the	 task	 participants	 need	to	 integrate	 emotional	 content,	 match	expressions	when	they	are	of	the	same	emotion,	and	 indicate	 when	 they	 are	 dissimilar.	 In	 part	two,	 participants	 returned	 to	 the	 lab	 and	completed	questionnaires	that	assessed	whether	they	had	 experienced	 anything	 traumatic	 in	 the	last	 six	 months	 or	 not,	 as	 well	 as	 current	emotional	 mood	 and	 symptoms	 of	 depression	and	 stress.	 	 Based	 on	 previous	 findings	 that	currently	 depressed	 individuals	 have	 greater	difficulty	disengaging	from	sad	content	as	well	as	difficulty	maintaining	happy	 content	 in	working	
memory	(Levens	&	Gotlib,	2010),	we	predict	that	time	 to	 update	 emotional	 content	 will	 be	significantly	 different	 between	 the	 no	 trauma	and	 recent	 trauma	groups.	 	 In	addition,	we	also	predict	 that	 individual	 differences	 in	 time	 to	update	sad	and	happy	content	will	predict	post-trauma	 levels	 of	 depression	 and	 stress	symptoms.	
	
Method	
	
Participants		 Participants	 were	 recruited	 from	 an	introductory	psychology	course	and	through	the	university’s	SONA	system	 for	 course	credit.	One	hundred	 and	 nineteen	 participants	 completed	the	 study.	 Participants	were	 separated	 into	 two	groups,	based	on	whether	they	had	experienced	a	recent	 trauma	(Trauma	Group;	N	=	27)	or	not	(Non-trauma	Group;	N	=	92).	The	Trauma	group	consisted	 of	 2	 males	 and	 25	 females	 with	 a	reported	 mean	 age	 of	 19.37	 years	 old	 (SD	 =	6.13).	The	age	ranged	from	18-50	years	old	with	74.1%	 Caucasian,	 11.1%	 African	 American	 and	14.8%	other.	The	Non-trauma	group	consisted	of	19	males	 and	73	 females	with	 a	 reported	mean	age	 of	 18.67	 years	 old	 (SD	 =	 3.22).	 The	 age	ranged	 from	 18-47	 years	 old	 with	 68.5%	Caucasian,	 12%	 African	 American,	 and	 19.6%	other.	
	
Measures		 Depression	 symptoms.	 	 Depression	symptoms	 were	 assessed	 using	 the	 Center	 for	Epidemiological	 Studies	 Depression	 Scale	 (CES-D;	 Randolf	 et	 al.,	 2012).	 The	 CES-D	 contains	 10	items	 that	 asks	 individuals	 to	 rate	 how	 often	they	 have	 felt	 certain	 symptoms	 for	 the	 past	week	 with	 ratings	 ranging	 from	 less	 than	1	day	(0)	 to	5-7	days	 (3)	 on	 a	 four	 point	 Likert	 scale.	Most	 of	 the	 questions	 were	 of	 negative	 affect	such	as	“I	felt	that	everything	I	did	was	an	effort,”	and	two	were	positive,	“I	was	happy,”	and	“I	felt	hopeful	about	the	future.”		 	
Stress.	 	 The	 Perceived	 Stress	 Scale	 (PSS;	Cohen,	Kamarck	&	Mermelstein,	1983)	was	used	to	 measure	 the	 extent	 that	 an	 individual	recognized	 certain	 life	 experiences	 as	 stressful.	
Alverio	and	Levens		20	Participants	 ratings	were	 on	 a	 five	 point	 Likert	scale	with	ranges	from	never	(1)	to	very	often	(5).	Questions	consisted	of	items	such	as	“In	the	last	month,	how	often	have	you	been	upset	because	of	something	that	happened	unexpectedly.”	
Trauma.	 	 The	 Trauma	 History	
Questionnaire	 (THQ;	 Hooper.et	 al,	 2011)	 was	used	 to	 determine	 if	 participants	 had	experienced	 a	 trauma	 in	 the	past	6	months.	 The	THQ	asks	participants	whether	they	ever	and/or	in	 the	 past	 6	 months	 experienced	 a	 traumatic	event,	 however	 only	 responses	 to	 whether	 a	participant	had	experienced	a	trauma	in	the	past	6	months	were	 used	 to	 group	 participants.	 The	THQ	had	a	range	of	types	of	exposure	to	trauma	such	as	victimization	through	physical	or	sexual	assault,	 exposure	 to	 an	 active	 combat	 zone	 and	natural	disasters.	The	sum	score	of	the	THQ	was	used	 to	 separate	 participants	 into	 two	 groups,	individuals	who	 had	 not	 experienced	 trauma	 in	the	 past	 6	months	 (Non-Trauma	 group;	 n=	 92)	and	those	who	had	experienced	a	recent	trauma	within	 the	 past	 six	 months	 (Trauma	 group;	n=27).	 Within	 the	 Trauma	 group,	 participants	reported	a	range	of	2	to	7	traumatic	events	with	a	mean	of	2.62	(SD=1.2).	
Emotion	 n-back	 task.	 	 The	 Emotion	 n-
back	task	 (Levens	&	Gotlib,	2010)	measures	 the	reaction	 times	 and	 responses	 of	 participants	 as	they	 update	 emotional	 stimuli	 in	 working	memory.	For	 the	 task	participants	view	a	series	of	 emotional	 facial	 expressions	 and	 need	 to	determine	 whether	 the	 present	 emotional	expression	 they	were	 viewing	was	 the	 same	 or	different	 expression	 as	 the	 expression	 they	 saw	two	 faces	 earlier.	 The	 emotional	 expressions	consisted	 of	 happy,	 sad,	 neutral,	 angry,	 and	fearful.	The	emotion	n-back	tasks	consist	of	three	trial	 types,	 match-set,	 break-set,	 and	 no-set	trials.	 Match-set	 trials	 are	 when	 the	 current	facial	 expression	 is	 the	 same	 as	 the	 expression	presented	two	trials	earlier	which	the	individual	must	 form	 an	 association	 between	 two	 similar	stimuli	 that	 engages	 an	 overarching	 emotional	concept.	 Break-set	 trials	 followed	 match-set	trials	 and	 the	 individual	 had	 to	 break	 an	association	 made	 between	 two	 stimuli	 which	reflect	 the	 ability	 to	 disengage	 from	 one	emotional	 stimulus	 to	another.	The	no-set	 trials	
followed	 break-set	 trials	 and	 the	 individual	differentiated	 that	 the	 current	 emotional	stimulus	 was	 different	 than	 the	 emotional	expression	 seen	 two	 trials	 earlier	 but	 did	 not	have	 to	 dissociate	 the	 stimulus	 from	 existing	representations.	Participants	would	either	press	“same,”	or	 “different,”	which	was	 labeled	on	 the	keyboard	 during	 the	 trial.	 Reaction	 times	 for	“same,”	 and	 “different	 trials	 were	 recorded	 for	each	 stimulus	 (happy,	 sad,	 neutral,	 angry,	fearful)	 which	 allowed	 us	 to	 record	 separate	measurements	of	how	long	it	was	needed	for	an	individual	to	categorize	emotional	faces	and	how	long	 it	 was	 needed	 for	 an	 individual	 to	 update,	and	 breakaway	 from	 information	 in	 their	working	memory.	
	
Procedure		The	 measures	 and	 task	 above	 were	completed	 as	 part	 of	 a	 larger	 multi-time	 point	study	 at	 the	 University	 of	 North	 Carolina	Charlotte.	 Participants	 were	 given	 informed	consent	 to	 read	over	 and	once	 they	understood	all	 the	 information	signed	and	dated	 it.	Data	 for	the	 present	 study	 was	 collected	 over	 two	 time	points.	 	 In	 time	 point	 1,	 participants	 completed	the	 emotion	 n-back	 task.	 	 At	 time	 point	 2,	participants	 answered	 the	 trauma	 history,	depression	symptoms	and	stress	questionnaires.	Once	 the	 participants	 completed	 the	 consent	process,	 the	 researcher	 read	 aloud	 the	instructions	 for	 the	 Emotion	 n-back	 while	 the	participant	 read	 along.	 After	 the	 instructions	were	 read	 aloud	 the	 researcher	 clarified	 any	questions	the	participant	had	and	the	participant	began	 a	 practice	 trial	 of	 the	 Emotion	 n-back	which	 was	 not	 scored.	 Participants	 were	encouraged	to	take	breaks	between	trials	so	that	they	could	refresh	themselves.	Participants	were	invited	back	 to	 complete	 the	 second	part	 of	 the	study	 one	 to	 three	 months	 later	 at	 this	 time	completed	 a	 set	 of	 questionnaires	 online	 using	Qualtrics	 survey	 software.	 Once	 participants	completed	the	session	they	were	then	debriefed	and	 any	 questions	 regarding	 the	 study	 were	answered.		
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Analysis	Plan		 Reaction	 times	 (RT)	 and	 Accuracy	 was	recorded	 for	 each	 trial,	 and	 a	 mean	 RT	 and	accuracy	 were	 calculated	 for	 correct	 trials	 for	each	 trial	 type	 in	 the	 Emotion	 n-back	 task.	Although	 researchers	 often	 use	 accuracy	 as	 the	dependent	 variable	 for	 the	 Emotion	 n-back,	 RT	has	 been	 often	 analyzed	 as	 the	 first	 dependent	variable	 (e.g.	 Druzgal	 &	 D’Esposito,	 2000;	Kensinger	 &	 Corkin,	 2003;	 Kessler	 &	 Meiran,	2006)	 for	 between	 group	 comparisons	(Ladouceur	 et	 al.,	 2005;	 Paramenter,	 Shucard,	Benedict	&	Shucard,	2006;	Paramenter,	Shucard	&	Shucard,	2007).	The	present	study	used	RT	as	the	 primary	 dependent	 variable	 in	 WM.	Additionally	 Condition	 was	 also	 measured	 and	recorded	 with	 RT	 and	 Accuracy.	 A	 three-way	Group	 [Trauma,	 No-trauma]	 repeated	 over	Emotion	 [Happy,	 Sad,	 Neutral,	 Angry,	 and	Fearful]	 repeated	 over	 Condition	 [Match-set,	Break-set,	No-set]	analysis	of	variance	(ANOVA)	was	 used	 to	 determine	 the	 accuracy	 and	response	rates	during	the	task.			 Reaction	 times	 for	 the	 Emotion	 n-back	task	are	the	actual	time	it	takes	for	an	individual	to	 encode	 and	 decode	 information	 in	 working	memory	while	also	including	the	time	it	takes	for	updating	 the	 information	 and	 comparing	 the	information	to	the	earlier	presented	stimuli	two	trials	earlier.	In	a	study	conducted	by	Faust	et	al.,	(1999)	found	that	groups	with	slower	RTs	often	contribute	 to	 a	 larger	 experimental	 effect.	 Trial	type	RTs	were	then	converted	to	z-scores	by	the	following	equation;	individual	trial	RT	type	mean	minus	 from	 his/her	 overall	 RT	 mean	 then	divided	 by	 the	 standard	 deviation	 of	 the	 trial	type	 mean.	 To	 determine	 the	 time	 needed	 to	update	 and	 link	 information	 in	 WM,	 z-score	transformations	were	needed	for	the	Emotion	n-back	 task.	 Three-way	 ANOVAS,	 Group	 [Trauma,	Nontrauma]	repeated	over	Emotion	[Happy,	Sad,	Neutral,	Angry,	Fearful]	repeated	over	Condition	[Match-set,	 Break-set,	 No-set],	 were	 conducted	on	RT	z	scores.	
	
Results	
		 Results	 are	 presented	 in	 three	 sections.		The	first	section	presents	reaction	time	data,	the	
second	 section	 accuracy	 data,	 and	 the	 final	section	 examines	 whether	 updating	 emotional	content	predicts	 levels	 of	 depression	 and	 stress	an	average	of	three	months	 later.	 In	the	present	sample	 participants	 reported	Depression	 scores	that	ranged	from	0-19	with	a	mean	score	of	7.56	(SD=4.813)	 and	 Perceived	 Stress	 scores	 that	ranged	 from	 13-41	with	 a	mean	 score	 of	 27.33	(SD=6.093).	 Depression	 and	 Stress	 were	positively	correlated	(r	=.692,	p<.01).	
	
Reaction	Time	Analysis		 The	 three	 way	 ANOVA	 conducted	 using	the	 z	 scores	 yielded	 significant	 main	 effects	 of	Condition,	 F	 (2,	 214)	 =	 34.94,	 p<.01,	 Emotion,	
F(4,	 428)	 =	 25.61,	p	<	 .01,	 Condition	 x	 Emotion	Interaction,	F(8,	856)	=	11.12,	p	<	.01	and	a	trend	Emotion	x	Trauma	Group	interaction,	F(4,	428)	=	1.82,	p	<	 .1.	 To	 test	 the	main	 effect	 of	 emotion,	paired	 t-tests	 were	 conducted	 between	 each	emotion.	 	 Results	 reveal	 that	 reaction	 times	 for	each	 emotion	 were	 significantly	 different	 from	each	 other	 with	 RTs	 to	 Happy	 trials	 being	 the	fastest	 (M	 =	 -.60,	 SD	 =	 .36)	 followed	 in	 turn	 by	Neutral	(M	=	-.02,	SD	=	.40),	Angry	(M	=	.04,	SD	=	.39),	Sad	(M	=	.28,	SD	=	.48)	and	Fearful	trials	(M	=	 .30,	SD	 =	 .41),	 all	ps	<	 .05	 (see	Table	1	 for	 all	mean	RTs).		To	test	the	main	effect	of	Condition,	paired	t-tests	were	conducted	between	each	trial	type.		Results	reveal	that	reaction	times	for	each	trial	 type	were	 significantly	 different	 from	 each	other,	 all	ps<.05	 (See	 table	 1).	 	 To	 examine	 the	trending	emotion	by	trauma	group	interaction,	a	series	 of	 independent	 sample	 t-tests	 were	conducted	 between	 the	 trauma	 groups	 for	 each	emotion	 expression.	 	 Results	 reveal	 trend	differences	between	groups	for	angry,	t(110)	=	-1.65,	p	<	.1,	fearful,	t(110)	=	1.53,	p	<	.1	and	sad,	
t(110)	 =	 1.71,	 p	<	 .1,	 facial	 expression,	 yet	 not	differences	 for	 happy	 or	 neutral	 facial	expression.	 	 An	 examination	 of	 the	 average	reaction	time	for	each	group	for	each	expression	reveals	 that	 the	 trending	 group	 differences	 are	due	 to	 individuals	 who	 have	 experienced	 a	recent	 trauma	 updating	 sad	 and	 fearful	 content	faster	and	angry	content	slower	than	individuals	who	have	not	experienced	a	recent	trauma.		
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Accuracy	and	Response	Rates	The	 three-way	 ANOVA	 conducted	 on	 the	Emotion	 n-back	 accuracy	 rates	 produced	significant	main	effects	of	Condition,	F(2,	214)	=	15.15,	p	<	.01,	Emotion,	F(4,	428)	=	18.37,	p	<	.01,	and	 an	 Emotion	 x	 Condition	 interaction,	 F(8,	856)	 =	 9.42,	 p	<	 .01.	 	 No	 other	 main	 effects	 or	interactions	were	 significant.	The	main	effect	of	Condition	 was	 due	 to	 all	 trial	 types	 exhibiting	significantly	 different	 accuracy	 levels	 from	each	other,	 ps	 <	 .05	 with	 Break-set	 trials	 having	 the	highest	level	of	accuracy	and	Match-set	trials	the	lowest	 level	 of	 accuracy.	 The	 main	 effect	 of	Emotion	 in	 follow	 up	 t	 test	 revealed	 significant	differences	 between	 all	 emotions,	 ps	 <	 .05,	except	 Happy	 and	 Neutral	 trials	 which	 were	similar	 with	 mean	 accuracy	 rates	 of	 84%	 and	83%	 respectively.	 See	 Table	 1	 for	 all	 trial	 type	accuracy	rates.		
Correlation	Analysis			 A	 correlation	was	 conducted	between	 all	emotion	 n-back	 trial	 types	 (e.g.	 Sad	 break-set,	happy,	 break-set,	 happy	 match-set,	 fearful	match-set,	 etc…)	 and	 reported	 depression	 and	stress	 levels.	 	 Days	 between	 assessment	 (Days	between	 Time	 1	 and	 Time	 2)	 and	 trauma	experience	 (Trauma	 group	 versus	 no	 trauma	group)	 were	 included	 as	 covariates.	 	 Only	 two	trial	types	significantly	predicted	depression	and	stress	 symptoms	 three	 months	 later.	 	 Happy	break-set	 z-scores	 had	 a	 significant	 negative	correlation	 with	 depression,	 r(106)	 =	 -.19,	 p	 <	.05.	 	 In	 addition,	 Sad	 no-set	 trial	 z-scores,	positively	 correlated	 with	 depression	 r(106)	 =	.27,	 p	 <	 .01	 and	 stress,	 r(106)	 =	 .22,	 p	 <	 .05	symptoms.			
	
Table 1. 2-back Trial Mean Reaction Times, z-Score and Accuracy Rates for Recent Trauma 
Group and No Recent Trauma Group 
 Recent Trauma No Recent Trauma 
  RT z-Score Acc RT z-Score Acc 
Match-set 
 Happy 994 (159)  -1.8(0.65) 87%(12%) 1001 (180) -1.8(0.65) 86%(10%) 
 Neutral 1182 (192)  -0.4(0.83) 80%(11%) 1210 (187) -0.2(0.86) 78%(14%) 
 Sad 1281 (191)  0.3(0.95) 65%(18%) 1241 (209) 0.02(0.89) 66%(16%) 
Angry 1204 (190)        -0.2(0.92)       69%(19%)       1201 (187)      -0.2(0.77)        71%(17%) 
Fearful 1252 (206)         0.2(0.97)       77%(17%)        1235 (215)     -.07(0.90)        76%(15%) 
Break-set 
 Happy 1252 (188) 0.09(0.63)  82%(10%) 1252 (194) 0.13(0.82) 84%(9%) 
 Neutral 1232 (193) -0.05(0.66) 88%(9%) 1244 (215) -0.01(0.87) 87%(12%) 
 Sad 1258 (186) 0.14(0.67) 81%(9%) 1236 (217) -0.11(0.58) 82%(11%) 
Angry 1217 (192)       -0.17(0.66)       82%(11%)      1245 (237)      -0.03(0.62)       84%(12%) 
Fearful   1268 (185)       0.21(0.69)        83%(11%)      1233 (217)      -0.08(0.75)       84%(10%) 
No-set 
 Happy 1227 (209) -0.11(0.75) 83%(13%) 1248 (234) 0.21(0.59) 83%(12%) 
 Neutral 1286 (204) 0.35(0.79) 83%(14%) 1295 (249) 0.33(0.92) 81%(15%) 
 Sad 1303 (206) 0.48(0.79) 82%(13%) 1324 (241) 0.56(0.83) 84%(12%) 
Angry         1298 (212)      0.43(0.84)      81%(13%)      1350(269)       0.74(1)            81%(14%) 
Fearful         1330 (238)       0.62(0.93)       82%(13%)      1353(257)  0.72(0.80)       79%(13%) 
Note. Standard deviations are shown in parenthesis; RT = reaction time; Acc = Accuracy		
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Discussion	
	 The	 goal	 of	 the	 study	 was	 to	 examine	 if	the	 development	 of	 depression	 and	 stress	 in	response	 to	 trauma	 was	 a	 result	 of	 underlying	cognitive	and	emotion	processing	interactions	in	WM.	We	hypothesized	that	individual	differences	in	 the	 time	 to	 update	 happy	 and	 sad	 content	would	 predict	 post-trauma	 levels	 of	 depression	and	 stress	 symptoms.	 The	 results	 revealed	 two	principle	 findings	 which	 will	 be	 discussed	 in	turn.			 One,	 as	 predicted	 emotion	 updating	differed	 between	 the	 no	 trauma	 and	 recent	trauma	 group,	 albeit	 the	 differences	 were	trending	 toward	 significant.	 We	 predicted	 that	trauma	would	 impair	emotion	updating.	 Instead	the	 effects	 of	 trauma	 on	 emotion	 updating	 are	selective;	 individuals	 in	 the	 trauma	 group	updated	fearful	and	sad	stimuli	faster	than	the	no	trauma	group,	yet	on	the	other	hand,	the	trauma	group	updated	angry	stimuli	slower	 than	 the	no	trauma	group.	 	There	were	no	differences	in	the	time	 to	 update	 happy	 and	 neutral	 content	between	trauma	groups.		The	observed	trending	group	differences	are	interesting	as	the	negative	content	 aligns	 with	 the	 trauma—following	recent	trauma	individuals	update	sad	and	fearful	content	 faster.	 	 Negative	 attention	 biases	 have	been	 demonstrated	 in	 previous	 studies	investigating	 depression	 (Gotlib	 &	 Joorman,	2010).	Studies	have	also	 linked	depression	with	difficulty	 in	 disengaging	 from	 negative	 content	which	supports	the	current	study’s	findings	since	individuals	 in	our	trauma	group	may	be	holding	on	 to	 negative	 representations	 of	 their	 trauma	experience	 and	 avoiding	 happy	 or	 positive	content	(Joorman,	Levens	&	Gotlib,	2011).			 Results	 also	 supported	 the	 second	hypothesis	 that	 time	 to	 update	 emotional	content	 would	 predict	 subsequent	 depression.		Specifically	 results	 revealed	 that	 time	 to	disengage	from	happy	content	predicted	levels	of	depression	 an	 average	 of	 three	 months	 later.	This	 finding	 is	very	 interesting	 in	 the	context	of	existing	 depression	 and	 emotion	 updating	findings.	Previous	research	by	Levens	and	Gotlib	(2010	 &	 2015)	 demonstrated	 that	 individuals	who	 had	 depression	 and	 those	 who	 had	
recovered	 from	 depression	 disengaged	 from	positive	 content	 significantly	 slower	 than	 never	disordered	 controls.	 Based	 on	 this	 research	Levens	 and	 Gotlib	 concluded	 that	 the	 tendency	to	disengage	from	positive	content	more	quickly	could	either	be	a	scar	effect	of	depression	or	an	underlying	 cognitive	 bias	 that	 could	 make	developing	 a	 depressive	 episode	 easier.	 	 The	findings	from	the	present	study	add	significantly	to	 the	pattern	of	 findings	across	 studies	as	 they	suggests	 that	 the	 tendency	 to	 disengage	 from	positive	 content	 quickly	 may	 not	 be	 a	 scar	 of	depression	 but	 rather	 an	 underlying	 emotion-cognition	 bias	 that	 may	 contribute	 to	 the	development	of	depression.				Critically,	the	findings	also	reveal	that	the	predictive	association	between	disengaging	from	positive	content	and	depression	symptoms	is	not	only	 in	 those	 individuals	who	have	 experienced	trauma.	 	 Results	 reveal	 that	 time	 to	 disengage	from	positive	content	predicts	future	depression	symptoms	 regardless	 of	 trauma	 status.	Individuals	 with	 problems	 disengaging	 from	negative	 content	 and	 maintaining	 positive	content	 may	 have	 an	 emotion-cognition	 profile	that	 would	 encourage	 the	 development	 of	depression	 regardless	of	whether	 a	 trauma	was	experienced	or	not.	Past	research	has	shown	that	intrusive	 negative	 thoughts	 in	 WM	 increase	depressive	 symptomology	 (Joorman,	 Levens	 &	Gotlib,	 2011).	 This	 suggests	 that	 as	 negative	information	 enters	 WM,	 it	 receives	 cognitive	resources	 to	 be	 processed,	 interpreted	 and	elaborated	 on.	 Given	 that	 WM	 is	 a	 limited	capacity	 system,	 the	 negative	 content	 may	influence	 other	 information	 that	 is	 within	 WM	and	 via	 association	 may	 give	 it	 more	 of	 a	negative	valence	(Clore	&	Huntsinger,	2007).			Interestingly,	 the	 association	 between	disengaging	from	happy	content	and	depression	was	specific	to	depression	symptoms	and	did	not	generalize	 to	 other	 negative	 states	 such	 as	perceived	 stress.	 	 This	 suggests	 that	 although	stress	can	be	a	predictor	of	depression	which	is	a	negative	attribution	mindset,	the	disengagement	of	 positive	 stimuli	 is	 not	 a	 predictor	 of	 stress	since	stress	is	a	reaction	to	an	external	stimulus	that	 may	 disturb	 an	 individual’s	 psychological	and	 physical	 well-being.	 The	 relationship	
Alverio	and	Levens		24	between	 stress	 and	 depression	 influences	 each	other	but	how	an	individual	updates	information	in	working	memory	does	not	appear	 to	have	an	impact	 on	 their	 perceived	 stress.	 	 	 A	 possible	explanation	 for	 why	 rapidly	 disengaging	 from	positive	 content	 predicts	 depression	 and	 not	stress	is	that	perceived	stress	is	an	evaluation	of	one’s	 external	 environment	 and	 their	 ability	 to	cope	 with	 that	 environment.	 	 Depression	however	 is	 associated	 with	 internal	 negative	schemas	that	shape	an	individual’s	behavior	and	how	 they	 relate	 to	 the	 world	 around	 them	(Kozhevinkov,	 2007;	 Morey	 et	 al.,	 2009).	 The	perception	 of	 emotional	 stimuli	 has	 been	 show	to	 influence	 the	 encoding	 and	 storage	 of	information	within	 long-term	memory	 (Clore	 &	Huntsinger,	 2007).	 Therefore	 cognitive	 biases	may	build	over	 time	which	could	be	 influencing	an	 individual’s	 cognitive	 style	 which	 could	possibly	 shape	 negative	 schemas.	 Based	 on	Beck’s	 Theory	 of	 depression,	 these	 negative	schemas	 could	 be	 resulting	 in	 the	 depressive	symptomology	 (Beck,	 1967).	 The	 tendency	 to	quickly	 disengage	 from	 positive	 valenced	information	 could	 be	 suggestive	 of	 a	 negative	cognitive	response	style,	which	Robinson	&	Alloy	(2003)	 have	 suggested	 places	 individuals	 at	 a	higher	risk	of	depression.		The	 current	 study’s	 findings	 are	supported	 by	 past	 research	 results	 between	depressed	 subjects	 and	 controls	 conducted	 by	Levens	 &	 Gotlib	 (2010),	 they	 found	 that	depressed	 individuals	 disengage	 from	 Happy	emotional	 content	 in	 working	 memory	 faster	than	 controls.	 These	 results	 suggest	 that	individuals	 who	 are	 disengaging	 from	 positive	stimuli	 around	 them	 may	 be	 maintaining	negative	 information	 that	 could	 negatively	impact	 their	 perception	 of	 the	world	 leading	 to	higher	 levels	 of	 depression	 and	 longer	 bouts	 of	depression.	The	present	pattern	of	 findings	also	aligns	 with	 positive	 attenuation	 research	 that	has	 found	 lower	 reactivity	 to	positive	 stimuli	 in	individuals	 who	 are	 suffering	 from	 depression	(Rottenberg,	Gross	&	Gotlib,	2005).	This	suggests	that	 if	 an	 individual	 has	 a	 decrease	 in	 their	reactivity	 to	 positive	 stimuli	 they	 may	 not	 be	engaging	 with	 that	 information	 long	 enough	which	 could	 result	 in	 the	 development	 of	 a	
negative	 mood	 as	 a	 function	 of	 time.	 As	 an	individual	encounters	positive	information	in	the	external	 environment,	 cognitive	 resources	 may	not	 be	 devoted	 to	 that	 information	 to	 further	process	 and	elaborate	on	 that	 given	 stimulus.	A	reduced	 response	 to	 positive	 information	 could	also	 dampen	 an	 individual’s	 ability	 to	 use	 that	positive	 content	 to	 help	 him/her	 get	 out	 of	 a	negative	mood.		Future	 studies	 may	 be	 able	 to	 follow	individuals	 longitudinally	 to	 determine	 if	emotion	 updating	 changes	 over	 time.	 A	longitudinal	study	would	give	researchers	a	way	to	determine	if	pre-trauma	individual	differences	in	 emotion	 processing	 predict	 post	 trauma	resilience,	 posttraumatic	 growth	 or	 resilience.	Also	 future	 studies	 that	 utilize	 WM	 tasks	 that	assess	the	entrance	and	exit	of	emotional	content	from	WM	may	be	able	 to	 shed	 light	on	how	 the	preferential	 processing	 of	 negative	 information	may	translate	into	attentional	biases	and	lead	to	the	development	and	maintenance	of	depression.	In	 sum,	 this	 study	 reveals	 that	 there	 are	individual	 differences	 in	 emotion	 processing	 in	working	 memory	 that	 are	 predictive	 of	depression	symptomology	but	not	for	stress.	The	fact	that	time	to	update	positive	content	predicts	future	 depression	 symptoms	 regardless	 of	trauma	 history	 suggests	 that	 these	 individual	differences	are	not	a	result	of	trauma	experience,	and	 may	 instead	 represent	 an	 attenuation	 to	maintaining	positive	stimuli	 in	WM	that	puts	an	individual	 at	 increased	 risk	 for	 depression.		Findings	from	the	current	study	also	suggest	that	assessments	of	individual	differences	in	emotion	processing	 may	 be	 predictive	 of	 post	 trauma	experiences,	 thoughts,	 and	 behaviors.	 If	 studies	are	able	 to	determine	such	differences	and	how	these	 differences	 influence	 mood	 disorders,	clinicians	 may	 be	 able	 to	 offer	 better	preventative	 measures.	 Another	 outcome	 from	future	studies	could	be	using	the	emotion	n-back	task	as	a	diagnostic	tool	for	treating	individuals.	The	 implications	 of	 these	 findings	 are	 that	individuals	 exposed	 to	 trauma	may	 have	 access	to	 better	 treatments	 after	 trauma	 and	 better	diagnostic	 practices	 since	 there	 is	 an	 ability	 to	predict	 how	 they	 will	 be	 feeling	 after	 the	experience.
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